r 



^ JC09Red 



10/554217 

d PCT/PTO 21 OCTZOOSi 



Method and apparatus for determining the limpness of sheet material 

[0001] The invention relates to a method and an apparatus for determining the 
limpness of sheet material, in particular of bank notes, wherein the sheet material is 
irradiated with sound waves, the sound waves emanating from the irradiated sheet 
material are measured, and the determination of the limpness of the sheet material is 
effected on the basis of the measured sound waves. 

[0002] Such a system is known for example from the US 5,922,959. Here the sound 
portion reflected by a bank note exposed to sound waves is measured. The lesser 
sound reflected by the checked bank note, the greater the degree of limpness of the 
bank note. Furthermore, there is described that alternatively also the degree of sound 
wave transmission can be determined. 

[0003] This known proceeding, however, has the disadvantage that the degree of 
limpness of the bank notes can be determined in an only insufficient manner. Other 
influence quantities, such as the degree of soiling of the bank note, folds or crumple, 
also lead to a changed absorption of sound, so that the information about the limpness 
of the bank note paper required in the known system cannot be obtained in a clear 
fashion by means of the known method. 

[0004] On these premises, it is the problem of the present invention to provide a 
method and an apparatus for determining the limpness of sheet material, that have a 
higher accuracy. 

[0005] This problem is solved by the method according to claim 1 and the apparatus 
according to claim 10. The further claims describe preferred embodiments. 

[0006] An essential idea of the present invention is based on the fact, that both the 
sound reflected by the sheet material and the transmitted sound are measured and a 
mathematical ratio of the reflected and the transmitted sound waves is formed in order 
to determine the limpness. Such a ratio formation for example can be the formation of 
a difference or of a quotient of the intensities of the measured signals. By taking into 
consideration these two sound portions when measuring it is possible to reduce the 
influences other properties of the sheet material may have, such as e.g. its state, degree 
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of soiling, weight per unit area etc. These measurings especially preferred are taken 
from a common place of the sheet material, since when measuring at different places, 
e.g. due to differing degrees of soiling, inaccuracies can occur when determining the 
limpness. Moreover, the irradiation and evaluation may be effected not only locally, 
but additionally or alternatively also over the whole area. 

[0007] Beside the above-mentioned variant of forming a ratio of transmitted and 
reflected sound wave, there are further proceedings, which likewise may be employed 
independently of each other and of the above-mentioned solution according to the 
invention. 

[0008] For compensating the mentioned sheet material properties, there can also be 
provided, for example, that beside measuring the limpness a further measuring for 
determining this sheet material property, such as the nominal value, the weight per unit 
area, or the degree of soiling of the irradiated place of the sheet material, is carried out, 
and this sheet material property is taken into consideration when determining the 
limpness. This means e.g. that before measuring the limpness or alternatively also 
following such a measuring a separate measuring of the soiling is effected, and the 
measure obtained for the degree of soiling can be taken into consideration when 
forming a reference value, with which the results of the acoustic limpness 
measuring are compared, so as to decide on the degree of limpness. The measuring 
of the degree of soiling can be effected with the help of the known methods, e.g. 
according to DE 27 52 412 Al, DE 29 32 962 Al or DE 100 05 514 Al. 

[0009] The accuracy of the limpness evaluation preferably can also be increased 
by taking into consideration the nominal value of the respective bank note that is 
already known or determined by measuring before. This can be effected e.g. by 
selecting different reference values for different nominal values. 

[0010] A further independent idea of the present invention is, that not only the 
intensity and therewith the portion of reflected or transmitted sound waves is 
measured, but the frequency spectrum of the measured sound waves is determined. 
Limp bank notes e.g. have a frequency spectrum different from that of not limp 
bank notes. Here a measuring of at least one frequency band and/ or a plurality of 



discrete frequencies can be effected. Moreover, an evaluation of the intensity and/ 
or phase of the different frequencies can be carried out. In particular with this 
measuring preferably a pulse excitation and/ or an excitation with a plurality of 
frequencies is effected. 

[0011] A further independent idea of the present invention is to measure the 
transit time of sound waves within the sheet material. For example, a bank note can 
be irradiated with a certain acoustic pulse at a certain place of the paper at a certain 
point of time, and e.g. with the aid of an optical interferometer the following 
deflection of the bank note can be measured at a place spaced apart from the 
mentioned place in a time-resolved fashion, so as to obtain a measure for the 
propagation of the sound wave in the bank note paper. The transit time and/ or the 
dimension of the deflection usually depends on the degree of limpness of the bank 
note. The transit time preferably can be measured at a plurality of frequencies and the 
measuring can be evaluated at a plurality of frequencies. 

[0012] A further independent idea of the present invention is to carry out the 
excitation of the sheet material and/ or the measuring of the sound waves emanating 
from the sheet material in a contacting fashion. Preferably, an ultrasonic transducer for 
emitting and/ or receiving sound waves can be disposed such that it partially or 
completely is in contact or comes in contact with a sheet to be checked. By this means, 
compared to a contactless excitation/measuring, the efficiency is increased and 
disturbing effects caused by the transmission through air are reduced. 

[0013] In the following the present invention is described in more detail with 
reference to the accompanying Figures. 

[0014] Fig. 1 shows a schematic side view of a checking apparatus for determining 
the limpness according to a first embodiment; and 

[0015] Fig. 2 shows a schematic side view of an apparatus for determining the 
limpness according to a second embodiment. 

[0016] Fig. 1 shows a first example for a checking apparatus 1 for determining the 
limpness of bank notes BN. The checking apparatus 1 can be integrated in the way 
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known in the art in an apparatus for processing bank notes BN, in which singled bank 
notes are transported past the checking device 1 in the direction of T. The apparatus 1 
here in particular has a source of sound 2 for irradiating the sheet material with sound 
waves and a measuring device for measuring the sound waves reflected and 
transmitted by the irradiated sheet material. In particular, the measuring device has a 
reflection sensor 3 for measuring the sound portion reflected by the bank note BN and 
a transmission sensor 4 for measuring the sound portion transmitted through the bank 
note BN. 

[0017] Moreover, the apparatus 1 has an evaluation unit 5, which via signal lines is 
connected with the source of sound 2 and the sensors 3, 4 and is adapted to evaluate the 
signals of these components, in order to determine the limpness of the checked bank 
note BN. Though not restricted to this, the source of sound 2 preferably emits 
ultrasonic waves. The frequencies he e.g. within a range of 100 to 400 kilohertz. The 
source of sound 2 and the sensors 3, 4 are disposed in such a way and have such a 
radiation characteristic or measuring characteristic, that they can measure the sound 
portions emanating from the same place 6. Then in the evaluation unit 5 the sound 
portions measured for a place 6 are compared to each other and are related to each 
other e.g. by way of a difference ratio or a quotient ratio of the sound intensities, 
which is compared with one or a plurality of predetermined reference values, in order 
to determine the degree of limpness. This measure for the limpness of the bank note 
BN may partially compensate influence quantities such as the weight per unit area or 
the degree of soiling of the bank note BN, which otherwise would have a disturbing 
effect on the measuring. The place 6, which is exposed to sound waves and where the 
measuring is effected, may extend only over a partial area of the bank note surface. 
However, it is also possible, that the bank note is irradiated over a large surface and 
the measuring likewise is effected over a large surface and/ or the measured values of 
a plurality of places 6 of one single bank note BN are collected and e.g. the evaluation 
is effected with an average value. Moreover, it is thinkable, that the bank note BN 
prior to the evaluation of the limpness measuring is checked as to defects, such as e.g. 
tears, holes or the like, and the evaluation of the limpness measuring is not carried out 
at such defect places. 
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[0018] The Fig. 2 shows a second embodiment of the present invention. The 
apparatus l 1 again comprises a source of sound 2' for the acoustic irradiation of a bank 
note BN to be checked and likewise comprises the not shown sensors 3 and 4 for 
capturing reflected or transmitted sound. 

[0019] However, this variant is especially characterized in that it additionally or 
alternatively serves for measuring the transit time of the sound waves in the bank note. 
For this purpose the apparatus 1' preferably has two optical sensors 7 located on 
mutually opposite sides. This sensors 7 can be e.g. optical interferometers 7, which are 
adapted to determine a deflection A of the bank note BN caused by an acoustic 
excitation. In particular, a bank note BN to be checked at a certain place 6' and at a 
given time is locally exposed to a short acoustic pulse emitted by the source of sound 
2', and thereafter in a time-resolved fashion the optical interferometers 7 determine the 
deflection A of the bank note BN in the area between the two mutually opposing 
interferometers 7, this area being at a distance to the place 6'. The measured signals are 
evaluated in the evaluation unit 5 to the effect as to determine the length of the transit 
time of the sound for the path S between the point of sound exposure 6' and the 
measuring area of the two interferometers 7. The measure for the transit time is used 
alone or in combination with the measurings of the reflected or transmitted sound 
portions for determining the limpness. It is assumed, that the transit time in the 
bank note paper is the longer, the greater the degree of limpness and thus the 
damage of the inner structure of the bank note paper. Alternatively, the 
determination of the transit time of the sound by capturing the deflection A of the 
bank notes BN at spaced apart places can be determined also with other measuring 
methods than optical interferometry. 

[0020] As a further feature the checking device 1' according to Fig. 2 optionally 
has a sensor for measuring other bank note properties, such as e.g. a soiling sensor 
8, which e.g. can be designed according to DE 29 32 962 Al, in order to determine 
the degree of soiling of a bank note BN. The soiling sensor 8 e.g. can be adapted to 
receive light in the invisible spectral region, so as to therefrom determine the 
degree the soiling of the bank note BN. The soiling sensor 8 preferably is located 
upstream of the limpness sensor when transporting the individual bank notes BN in 
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the direction of T. The determination of the degree of soiling with the soiling 
sensor 8 preferably is effected at the same place, at which in the following the 
limpness is determined. Since a soiled bank note BN usually should absorb more 
sound than a not soiled bank note BN, independently of the degree of limpness, the 
results determined by means of the soiling sensor 8 regarding the degree of soiling 
of a bank note BN to be checked can be taken into consideration with the 
subsequent evaluation in the evaluation unit 5 for determining the limpness. 
Additionally or alternatively, instead of the soiling also the nominal value or the 
weight per unit area of the bank note BN can be precedingly determined and taken 
into consideration when evaluating the limpness. 

[0021] This variant with an upstream sensor for measuring other bank note 
properties, such as the soiling sensor 8, in particular is of advantage for other acoustic 
limpness measurings, wherein e.g. not the ratio of transmitted and reflected sound 
intensity, but merely the reflected or alternatively the transmitted sound portion is 
determined in an already known fashion. In this case e.g. at least the one reference 
value, to which the measured sound intensity is compared for the purpose of 
determining the limpness, is selected differently in dependence on the measured 
degree of soiling. 

[0022] Beside the above-mentioned variations further designs are thinkable. The 
sensors 3, 4, which serve for measuring reflected or transmitted sound waves, 
preferably can be designed as broadband microphones, which are able to capture a 
wide frequency spectrum of the measured sound signals, so that the said frequency 
spectrum can be evaluated in the evaluation unit 5. The sound sensors 3, 4 preferably 
can have broadband microphones with a recording characteristic within the range of 
0.1 kilohertz to 200 kilohertz. 

[0023] In particular, in this case a broadband excitation by means of acoustic 
irradiation with an acoustic pulse or a mechanical excitation by deflecting or diverting 
the bank note is effected. For example the BN can be deflected along a runner in the 
transport path and the resulting noises are measured in a broadband fashion. 



[0024] The frequency spectrum of the sound waves that emanate from the bank note 
BN to be checked has characteristic forms for limp bank notes that are different to that 
of not limp bank notes. It shall be emphasized, that this idea of evaluating the 
frequency spectrum and not only the intensity of the measured sound waves can also 
be used independently of the acoustic excitation. For example, it is also usable with an 
already known mechanical excitation of bank notes and subsequent measuring of the 
sound waves emanating from the mechanically excited bank note. 

[0025] Preferably, the sources of sound and/or the measuring devices are in contact 
with the sheet material to be measured, so as to achieve an improved signal 
transmission with less disturbing effects. 

[0026] Consequently, the present invention in its different variations permits a 
simple and reliable determination of the limpness of bank notes. 



